We perform a spectroscopic survey of the foreground population in Orion A with MMT/Hectospec. We use these data, along with archival spectroscopic data and photometric data, to derive spectral types, extinction values, and masses for 691 stars. Using the Spitzer Space Telescope data, we characterize the disk properties of these sources. We identify 37 new transition disk (TD) objects, one globally depleted disk candidate, and 7 probable young debris disks. We discover an object with a mass less than 0.018-0.030 M ⊙ , which harbors a flaring disk. Using the Hα emission line, we characterize the accretion activity of the sources with disks, and confirm that fraction of accreting TDs is lower than that of optically thick disks (46±7% versus 73±9%, respectively). Using kinematic data from the Sloan Digital Sky Survey and APOGEE INfrared Spectroscopy of Young Nebulous Clusters program (IN-SYNC), we confirm that the foreground population shows similar kinematics to their local molecular clouds and other young stars in the same regions. Using the isochronal ages, we find that the foreground population has a median age around 1-2 Myr, which is similar to the one of other young stars in Orion A. Therefore, our results argue against the presence of a large and old foreground cluster in front of Orion A.
INTRODUCTION
The Orion complex is the most active star-forming region in the solar neighborhood. The age range (<1-10 Myr), the diversity of local environments, and the distance (∼414 pc, Menten et al. 2007 ) of this complex make it an ideal laboratory to study challenging questions in star formation, e.g., star formation history, initial mass function, disk evolution (see e.g. Hillenbrand 1997; Hernández et al. 2007b,a; Fang et al. 2009 ; Lee & Chen 2009; Hernández et al. 2010; Hsu et al. 2012 Hsu et al. , 2013 Fang et al. 2013a; Hernández et al. 2014) .
The entire Orion complex shows evidence for multiple star formation episodes, and the current, most active star formation is located in Orion A and B. Orion A, located in the southern part, consists of the most massive cluster in this region, the Orion nebula cluster, and several medium-size clusters, e.g., OMC 2, OMC 3, and Lynds 1641 (L1641). In L1641, about half of the young stellar objects (YSOs) are formed in isolation and others are formed in small aggregates (Fang et al. 2013a ). Orion B is in the northern part of Orion and comprised of four clusters NGC 2023 NGC , 2024 NGC , 2068 NGC , and 2071 . There is also a large population of off-cloud stellar groups aged 3-30 Myr, including the Orion OB1a and 1B associations (Briceño et al. , 2007 . The understanding of star formation in the Orion complex was further complicated by the discovery of a foreground population aged 4-5 Myr to Orion A (Alves & Bouy 2012; Bouy et al. 2014 ). This presumably older population is centered on NGC 1980 (ι Ori), and extends northward to Orion nebula cluster and NGC 1981, and eastward to L1641, thus contaminating the young populations in these regions.
In Alves & Bouy (2012) , the foreground population was proposed by searching for the stars with low or no extinction in the field of Orion A. The surface densities of this population show a well-defined peak coinciding with NGC 1980, and several less distinct peaks around other star-forming regions in Orion A (Alves & Bouy 2012; Bouy et al. 2014) . In J − H vs. H − K s color-color diagram, the stars in the population show near-infrared colors consistent with B-to M-type stars (Alves & Bouy 2012) . Therefore, Alves & Bouy (2012) propose that the NGC 1980 cluster is a foreground population seen in projection against the Orion A cloud. Alves & Bouy (2012) estimate the age of the NGC 1980 cluster on the basis of the median spectral energy distribution (SED) and the age of a massive star, ι Ori, which is 4-5 Myr. However, the previous studies are all based only on photometric data, and lacks spectroscopic follow-up. In this work, we provide a spectroscopic study of the putative foreground population, and address the issue of its age and other properties. Our results suggest that NGC 1980 is actually associated with the Orion A cloud and has an age similar to other star-forming regions in Orion A. We organized the paper as follows: in §2 we will describe our observations and data reduction, in §3 we will delineate our data analysis, we will present our results in §4, followed by a discussion in §5, and we will summarize our results in §6.
2. OBSERVATIONS AND DATA REDUCTION 2.1. Spectroscopic observations 2.1.1. Target selection Bouy et al. (2014) lists 1895 sources with probability more than 99% of being members of NGC 1980. These stars are distributed over several tens of square degrees with the stellar surface densities peaking around the Orion molecular cloud. Our targets for the spectroscopic study of NGC 1980 are selected from Bouy et al. (2014) , and are limited to the vicinity of the Orion cloud. In Fig. 1 , we show the regions we studied. In this area, there are 1,275 sources with probabilities more than 99% of being memebers of NGC 1980. Hereafter, these sources are considered to be high-confidence cluster members. We search for the available spectral types for these high-confidence cluster members in the literature (Hillenbrand 1997; Rebull et al. 2000; Rebull 2001; Hillenbrand et al. 2013; Fang et al. 2009 Fang et al. , 2013a Hsu et al. 2012) , and in our unpublished data from our previously spectroscopic survey with MMT/Hectospec and WHT/AF2 (Fang, M., et al. 2017, in preparation) . We obtain spectral types for 330 sources from published literature, and for 172 sources from our unpublished datasets. Due to limited observing time, we only selected a subsample of high-confidence cluster members for spectroscopic observations with MMT/Hectospec. In Fig. 2 , we show the r vs. r − i color-magnitude diagram for high-confidence cluster members, as well for sources with known spectral types and stars we selected for the MMT/Hectospec observations. We calculate the 3 Myr isochrone in the r − i vs. r color-magnitude diagram for the pre-main-sequence (PMS) stellar evolutionary models of Baraffe et al. (2015) , using the BTSettl model atmospheres (Allard et al. 2011) , with solar abundances from Asplund et al. (2009) 8 . As a comparison, we show the isochrone in Fig. 2 , assuming a distance 414 pc (Menten et al. 2007 ). Most of our targets are located above this isochrone, indicating that they are younger than 3 Myr. However, the ages of our targets could be older, if they lie much closer than Orion A. If we assume an age of ∼4-5 Myr for our targets as suggested in Alves & Bouy (2012) , they should be located at ∼210 pc to match their position in the color-magnitude diagram (see Fig. 2 ). However, Alves & Bouy (2012) argue that the distances of these sources would not be substantially different from the ones in Orion, and might be around 400 pc, since they show similar kinematics to the Orion A molecular cloud. Therefore, the ages and the distance for these sources assumed in Alves & Bouy (2012) are inconsistent.
Spectroscopic observations and data reduction
We performed a low-resolution spectroscopic survey of the stellar population in NGC 1980 with the Hectospec multi-object spectrograph, capable of taking a maximum 8 A discussion on the BT-Settl models with two types of solar abundances (Asplund et al. 2009; Caffau et al. 2011) can be found in Sect. 3.3.
of 300 spectra simultaneously. We used the 270 groove mm −1 grating and obtained spectra in the 3700-9000Å range with a spectral resolution of ∼5Å. The targets are selected from Bouy et al. (2014) , and have probabilities ≥99% as members of NGC 1980. Our ∼300 sources are distributed at 4 pointings. The data were taken in February, 2016. Table 1 lists the observational logs.
We use standard IRAF routines to reduce the Hectospec data according to standard procedures. We perform flat-field correction and extract the spectra using dome flats with the IRAF task dofibers in the package specred. The wavelength solution for Hectospec is obtained with HeNeAr comparison spectra, using the IRAF task identify and reidentify in the package specred. We calibrate the spectra with a wavelength solution constructed using the IRAF task dispcor under the package specred. For each pointing, we took 3 exposures for the science targets, and one exposure for the sky by shifting the telescope by ∼5 arcseconds. We extracted the spectra for each exposure. Finally, we obtained the spectra for each target and the corresponding sky spectra close to this target. We subtracted the sky from the spectra of each target, and combined the sky-subtracted spectra into one final spectrum.
Photometric data
The photometric data used in this work are mainly from Bouy et al. (2014) , in which they combine the photometric data from the Sloan Digital Sky Survey (SDSS, York et al. 2000) , CTIO/DECam, the Two-Micron All Sky Survey (2MASS, Skrutskie et al. 2006) , the UKIRT Infrared Deep Sky Survey (UKIDSS, Lawrence et al. 2007) , and the AAVSO Photometric All-Sky Survey (APASS, Henden et al. 2016) , and present a catalog with photometry in the grizY JHKs bands. The photometric data from CTIO/DECam are in grizY bands, and have been calibrated in flux by cross-matching the common stars in the SDSS DR9 catalog in griz bands, and in the UKIDSS catalog in Y band (see Bouy et al. 2014) . We complement them with the Spitzer data from Megeath et al. (2012) , and Wide-field Infrared Survey Explorer (WISE, Wright et al. 2010) . These infrared data is used to characterize the circumstellar disks. show all the stars with probability more than 99% of being members of NGC 1980 and brighter than 19 mag in r band. The magenta filled circles mark the stars with spectroscopic data. The green filled star symbol mark the position of the massive star ι Ori. The blue solid-line contours are the 13 CO integrated intensity from Bally et al. (1987) with a contour level of 5 K km s −1 (5σ). The red dash lines enclose the field of view (FOV) of the XMM observations, and the red dash-dotted line boxes are for the FOVs of the Chandra observations. Figure 2. Hess r − i vs. r color-magnitude diagram for all the stars in the field of Orion from Bouy et al. (2014) . The circles (open and filled) show all the high-confidence members of NGC 1980 in the field shown in Fig. 1 , and the filled circles are for those with spectroscopic data. The solid line shows the 3 Myr isochrone at an distance of 414 pc calculated for the PMS evolutionary models of Baraffe et al. (2015) , using the BT-Settl model atmospheres (Allard et al. 2011) , with the solar abundances from Asplund et al. (2009) . The dashed line is similar to the solid line, but for a 4.5 Myr isochrone at a distance of 210 pc. The arrow show the extinction vector with visual extinction of 2 mag.
The spectral types of young stars are usually obtained by classifying their observed spectra. This is typically done by building a relation between the strength of spectral features and the spectral types of dwarf stars, and apply them to the young stars (Hillenbrand 1997; Hernández et al. 2004) . Uncertainties on the spectral classification can be several subclasses depending on the spectral features and/or ranges used for the determination. One typical example is TW Hya, of which spectral type range from K6 to M2.5 (de la Reza et al. 1989; Torres et al. 2006; Pecaut & Mamajek 2013; Vacca & Sandell 2011; Herczeg & Hillenbrand 2014) . Pecaut & Mamajek (2013) recently studied a sample of young stars in nearby groups: the η Cha cluster, the TW Hydra Association, the β Pic Moving Group, and the Tucana-Horologium Association. We found that the spectral types in Pecaut & Mamajek (2013) for the same stars are typically one subclass different from those in the literature. Though it is not clear which classification results are more accurate, we decide to classify our stars based on the same criteria as those in Pecaut & Mamajek (2013) .
We select X-Shooter spectra for 85 young stars from ESO Phase 3 spectral data archive. Among them, 27 young stars in the η Cha cluster and the TW Hydra Association have been spectrally classified by Pecaut & Mamajek (2013) . We use these spectra as the templates to classify the other sources with X-Shooter spectra. Using these X-Shooter spectra, we construct new relations between the strengths of spectral features and spectral types for young stars in the range of K2-M9.5 (See the detailed description in Appendix A). The new relations should be consistent with the classification criteria from Pecaut & Mamajek (2013) . Thus, the conversion from spectral types to effective temperatures, intrinsic colors, and bolometric corrections for young populations in Pecaut & Mamajek (2013) can be used for other young stars with spectral types classified based on our relations. In this work, we use these relations to classify the spectra from Hectospec. In Fig. 3 , we compare the spectral types from our relations and from the SPT-CLASS code (Hernández et al. 2004) . It can be noted that both spectral types are consistent with each other given the uncertanty within the range of M0-M6. When the spectral types are later than M6 or earlier than M0, our relations give about one subclass ealier spectral type than SPTCLASS.
YSO selection criteria
The targets in this work are obtained from a sample of candidate pre-main sequence (PMS) stars selected from different sets of color-magnitude diagrams by Bouy et al. (2014) . Some of them could be interlopers from mainsequence (MS) stars or giants. In this section, we will clarify our criteria to remove the contaminators in our sample.
Spectral features
The youth of the stars can be characterized using several indicators. The typical one is the Li I absorption line at 6708Å. In Fig. 4 , we show the examples of Li I λ6708Å detections for 3 sources with MMT/Hectospec. Among the 752 sources in our sample, there are 444 sources for which we have obtained spectra. Among them, 295 stars show Li I λ6708Å absorption, 11 do not show clear Li I λ6708Å absorption, and others have spectra too noisy for Li I λ6708Å to be identified. An additional 152 stars are found to show Li I absorption in Hsu et al. (2012) . In total, a group of 447 stars in our sample are identified as young stars based on the Li I λ6708Å absorption. In Table 6 , we list the equivalent width (EW) of the Li I λ6708Å absorption for those stars. The typical uncertainty of the Li I λ6708Å EWs is around 0.1-0.2Å.
The strength of the Na I doublets at 8183 and 8195Å has proved to be a good indicator for stellar surface gravitiy for M-type stars (Lawson et al. 2009 ). MS stars usually show strong Na I doublets, and giants present very weak ones. The PMS stars show the strengths of the Na I doublets between the main sequence stars and giants. In this work, we will use the Index(Na I) as a second indicator to select the PMS stars. We calculate the strength of the Na I doublets at 8183 and 8195Å as Index(Na I) = F 8135−8155 /F 8180−8200 , where F 8135−8155 and F 8180−8200 are fluxes between 8135 and 8155Å, and between 8180 and 8200Å, respectively. We also calculate the Index(Na I) for the MS stars and giants using the spectra for MS stars and giants from Danks & Dennefeld (1994) and Covey et al. (2007) , respectively. To clarify the criteria for the selection of PMS stars, we use a wellstudied sample of the PMS stars in L1641 (Fang et al. 2013a ). In Fig. 5(a) , we show the Index(Na I) for PMS stars and MS stars identified in L1641. In the figure, we also show the expected Index(Na I) values for MS stars and giants, which are derived from the spectra for MS stars and giants in the IRTF spectral library (Rayner et al. 2009) , and the SDSS spectral templates for MS stars (Covey et al. 2007 ). We note that using Examples of Li I λ6708Å detection with the MMT/Hectospec. The flux is in normalized in each panel.
Index(Na I) to separate the MS and PMS stars only works for the M-type stars, which is consistent with the findings of Lawson et al. (2009) . According to the distribution of the MS stars, PMS stars, and giants in Fig. 5(a) , we draw the boundaries for selecting PMS stars described as follows: For spectral types between M1 and M3.5, 1.03 < Index(Na I) < 1.22, and for spectral types between M3.5 and M7, 1.03 < Index(Na I) < −3.61 + 0.0657 × Sptnum, where Sptnum is a number corresponding to a spectral type with 70 for M0, 75 for M5, and etc. As a comparison, in Fig. 5(b) we show the PMS stars, identified with the Li I λ6708Å absorption, in this work. As expected most sources are at the PMS boundary but six of them are not. We have checked their spectra. For three of those stars, which show the Index(Na I) values simiar to giants, the fringe patterns on their spectra can explain lower Index(Na I) values. The other three stars with large Index(NI) values show clear Li absorption as well as strong Na I doublets at 8183 and 8195Å. A detailed discussion of these sources is presented in Sect. 4.1. In Fig. 5(c) , we show the stars without estimated Li I λ6708Å EW due to their noisy spectra. For these stars, we characterize their youth using Index(Na I), in combination of X-ray emission and infrared excess emission.
X-ray emission and Infrared excess emission
In the field shown in Fig. 1 , we extracted 3,688 XMM X-ray sources from the third XMM Serendipitous Source Catalogue (Rosen et al. 2015) , and 1616 Chandra X-ray sources from Getman et al. (2005) . We matched the Xray sources to our sources using 1 ′′ tolerance, and found 171 counterparts for our targets. We note that there are more than 100 targets with X-ray sources within radii of 1-3 ′′ . We visually check the 2MASS images, and consider those as conterparts to the X-ray sources if there is only one source within 1-3 ′′ from X-ray source. In this way, we found 107 counterparts in our sample for the X-ray sources. In total, we have 267 sources with X-ray emission from the XMM observations, and an additional 11 sources with X-ray emission from Chandra observations. There are two main contaminators to the YSO catalog selected based on the X-ray data: extragalactic sources and nearby foreground stars. Since we have spectra for each source, extragalactic contaminators can be excluded.
The foreground nearby main-sequence stars can show detectable X-ray emission. We used the tool, Flux Limits from Images from XMM-Newton (FLIX) 9 , to estimate the 5-σ upper limit of the 0.2-2 keV X-ray luminosity in the studied field. We note that the 5-σ upper limits vary from region to region with a typical value several 10 29 erg s −1 at the vicinity of Orion. The typical X-ray luminosity of field main-sequence stars is several×10 27 erg s −1 for solar-type to M-type main sequence stars (Güdel 2004) . According to the 5-σ upper limit of the 0.2-2 keV X-ray luminosity in the XMM survey of Orion estimated with FLIX, the XMM observations can detect the field main-sequence stars within the distance 50 pc. Based on the Besançon model of stellar population synthesis of the Galaxy (Robin et al. 2003) , we expect only 4 ± 2 field main-sequence stars within a distance of 50 pc in the direction of Orion, suggesting that the fraction of contaminators from foreground stars in our YSO catalog, selected from X-ray emission, is negligible.
We also use infrared excess to identify the young stars. A detailed description of characterizing the disk properties of our sample is presented in Sect. 3.5.
Intrinsic colors of young stars
The extinction of young stars can be determined by comparing the observed colors with the intrinsic colors expected from their spectral types. In Fig. 6 , we show the g − r vs. r − i color-color diagram for our sources. In the figure, we also show the young stars with low extinction (A V < 0.3) in Orion OB1, σ Ori, and L1641 (Briceño et al. , 2007 Downes et al. 2014 Downes et al. , 2015 Hernández et al. 2014; Fang et al. 2013a) . Their colors are dereddend using the extinction law from Schlafly & Finkbeiner (2011) , a total to selective extinction value typical of interstellar medium dust (R V = 3.1), and the extinction values in the literature. These young stars in other regions show colors similar to our sources, indicating that the majority of our sources in this work have low or no extinction. As a comparison, in Fig. 6 we also show the empirical colors for dwarfs and giants (Covey et al. 2007 ). We note that there is a shift between the observed colors and the empirical colors for the dwarfs (thin dark dashed line) and giants (thin dark dash-dotted line). In order to derive the extinction properly, we need to construct intrinsic colors for our sources. We use the sources with negligible extinction shown in Fig. 6 , and extract their griz-band photometric data from SDSS, JHK s -band photometric data from 2MASS. The Y-band photometry is only available for the sources in Orion A, and come from Bouy et al. (2014) . In Fig. 7 , we show their colors vs. their spectral types. We fit the relations between them using 3-order polyno- Figure 5 . (a) Index(Na I) vs. spectral types for the stars in the field of L1641 (Fang et al. 2013a ). The filled squares are for the identified field MS or giant stars in the field of L1641, and the open squares show the PMS stars. The dash and dash-dotted lines show the boundaries for MS stars and giants, respectively. The boundaries are defined according to the expected Index(Na I) of of MS stars and giants, which are derived using the spectra for MS (filled star symbols) and giants (open star symbols) in the IRTF spectral library (Rayner et al. 2009) , and the SDSS spectral templates for MS stars (filled triangles) (Covey et al. 2007 ). (b) Similar to Panel (a), but for the PMS stars, which are identified using Li I λ6708Å absorption, in this work. (c) Similar to Panel (b), but for the stars in this work without knowledge of Li I λ6708Å absorption due to their noisy spectra. show the young stars in this work. The filled star symbols and pluses show the dereddened colors of young stars with low extinction (A V < 0.3) in Orion OB1/σ Ori, and L1641, respectively. The thick dark solid line show the empirical colors for young stars used in this work (see Sect. 3.3) . The thin dark dashed line and the dash-dotted line show the empirical colors for dwarfs and giants, respectively (Covey et al. 2007 ). The thick blue dashed line shows the synthetic colors using a set of the combined BT-Settl models with solar abundances from Asplund et al. (2009) (see Sect. 3.3) . mial functions. In Table 2 , we list the empirical colors for young stars with spectral types ranged from K5 to M6 from the fitting.
We calculate the synthetic colors using two sets of BT-Settl atmospheric models (Allard et al. 2011 (Allard et al. , 2012 : one with the solar abundances (AGSS2009) from Asplund et al. (2009) , and the other with the solar abundances (CIFIST2011) from Caffau et al. (2011) . Fig. 7 shows the synthetic g − r, r − i, i − z, j − J, J − H, and H − K s colors from these models with surface gravity log g=3.5, 4.0, and 5.0. While both sets of models are consistent with each other in i − z, j − J, J − H, and H − K s colors, the models with the AGSS2009 abundances show the g − r and r − i colors, which are more consistent with the observations than the ones with the CIFIST2011 abundances. To reproduce the observed colors, we construct a set of BT-Settl atmospheric models with the AGSS2009 abundances and using different log g values for different spectral types: log g=5.0 for the spectral types earlier than M1, log g=4.8 for spectral types between M1 and M3, log g=4.6 for spectral types between M3 and M6, and log g=4.5 for spectral types later than M6. The synthetic colors from this set of models are shown in Fig. 6 and 7, and can better fit the observations than using the atmospheric models with one log g value. Table 3 lists the synthetic colors and bolometric correction in J band from this set of models. In the table, the conversions from the spectral types to effective temperatures are from Pecaut & Mamajek (2013) for stars earlier than M4 and from Herczeg & Hillenbrand (2014) for stars later than M4. In Table 3 , we also list the J-band bolometric correction Pecaut & Mamajek (2013, P13) , and the ones from Herczeg & Hillenbrand (2015, H15) . Our bolometric corrections are consistent with those in the literature.
Determining stellar properties
We derive the extinction for our sources using the empirical colors listed in Table 2 for the ones with spectral types earlier than M6, and the synthetic colors in Table 3 for those with spectral types later than M6. Using the intrinsic colors of g − r, r − i, i − z, i − j, we derive mean visual extinctions (A V ) for individual sources employing the extinction law from Schlafly & Finkbeiner (2011) and a total to selective extinction ratio typical of interstellar medium dust (R V = 3.1). We converted the spectral types to effective temperatures using the relation in Table 3 , and derive the stellar luminosities for our sources using the J-band bolometric correction for the corresponding spectral types calculated in this work. The stellar luminosities (L ⋆ ) are then calculated as follows:
where BC J is the the bolometric correction in J band, m J is the dereddened apparent magnitude in J band, d is the distance in the unit of pc, M bol,⊙ is the bolometric magnitude of the Sun. Here we take M bol,⊙ = 4.755 (Mamajek 2012 ). 3.5. Characterizing disk properties We characterize the disk properties by comparing the model atmosperes from the BT-Settl models with the observed spectral energy distributions. The typical way is to compare the infrared spectral slopes with the expected slopes at the same wavelength ranges from purely photospheric emissions (Luhman et al. 2008) . The infrared spectral slopes, defined as α = dlog(λF λ )/dlog(λ), are calculated with the dereddened photometry in each band. We compute two sets of infrared spectral slopes, α 3.6−8 and α 3.6−24 , corresponding to the spectral range of [3.6] to [8.0] and [3.6] to [24] , respectively. Table 6 lists the two infrared spectral slopes of the sources with detection in the corresponding infrared bands. In Fig. 8 , we show the infrared spectral slopes, α 3.6−8 and α 3.6−24 versus the spectral types, for our sources. As a comparison, we calculate the spectral slopes (see Fig. 8 ) of the BTSettl atmospheric models (Allard et al. 2012) , assuming a 10% uncertainty in Spitzer photometry. Stars with the infrared spectral slopes steeper than the slopes of photospheric emissions are considered to be diskless. For sources with shallower infrared spectral slopes, we visually examine their SEDs. The sources that show infrared excess at more than 3σ confidence level are considered to have disks. A total of 185 sources belong to the disk population. In addition, there are 119 sources without detection in all the four IRAC bands. We visually compare their SEDs, constructed from the available Spitzer and WISE photometric data, to their photospheric emission. Among the 119 sources, 9 sources show infrared excess at more than 3σ confidence level, and are considered to have disks. In Table 6 , we list the disk property of each source.
The young stars can be grouped into weak-line T Tauri stars (WTTS) or classical T Tauri stars (CTTS) based on their Hα EW . WTTSs have stopped accretion, and show weak and narrow Hα emission line in the spectra, while CTTSs are still accreting, and present strong and broad Hα emission lines. We divide the YSOs into WTTS or CTTS using the criteria described in Fang et al. (2009) , in which a star is classified as a CTTS if EW (Hα)≥ 3Å for K0-K3 stars, EW (Hα)≥5Å for K4 stars, EW (Hα)≥ 7Å for K5-K7 stars, EW (Hα)≥ 9Å for M0-M1 stars, EW (Hα)≥ 11Å for M2 stars, EW (Hα)≥ 15Å for M3-M4 stars, EW (Hα)≥ 18Å for M5-M6 stars, and EW (Hα)≥ 20Å for M7-M8 stars. Table 6 list the Hα EW s of each source and its accretion property. However, we must stress that using EW (Hα) to distinguish WTTSs and CTTSs can fail to distinguish some stars that have low accretion rates, strong chromospheric activity, sky contamination, or self-absorptions of the Hα line. We identify PMS stars mainly based on the Li I λ6708Å absorption. With this criterion, a sample of 447 stars are classified as PMS stars. For others without estimate of the EWs of Li I λ6708Å absorption line, we use the Index(Na I) to select the PMS stars as described in Sect. 3.2.1, which works for stars with spectral types later than M1. With this criterion, an additional 164 stars are classified as PMS stars. We also include 64 additional stars which show X-ray emission, and 27 additional stars with infrared excess emission. A total of 691 sources are classified as PMS stars according to the above criteria. Table 6 list these stars, as well as the criteria to classify them as the PMS stars.
We use the Index(Na I) to assess the contamination in our PMS sample from young field stars which may show weak Li I λ6708Å absorption line. In our sample, there are 447 sources with estimated EWs of Li I λ6708Å absorption line, and 63% of them (283/447) have the Index(Na I) in Table 6 . As noted in Sect. 3.2.1, there are three sources, ID 156, 438, 572 in Table 6 , that are located outside the PMS boundary in Fig. 5 (b) and show Index(Na I) similar to the field dwarfs. However, for two sources, ID 156 and 438, the strengths of their Li I λ6708Å absorption lines are consistent with other young stars in Orion (see, e.g., Fang et al. 2013a) . Hence, it is unclear why they show the strong Na I doublets. For the source 572, its Li I λ6708Å absorption line is weak (EW ∼0.2), and could be a young field dwarf. Therefore, we expect that the contamination in our sample from the field dwarfs is not significant.
Stellar properties
We derive the extinction of individual sources in the way described in Section 3.4. The typical uncertainty for our A V measurements is around 0.3 mag, estimated from the sources without extinction in our sample. The resulting visual extinctions are listed in Table 6 . With the derived effective temperatures and bolometric luminosities using the method described in Sect. 3.4, assuming a distance of 414 pc, we place the stars in the H-R diagram in Fig. 9 . Most of our sources lie between the 0.1 and 3 Myr isochrones. We use a distinct symbol (open square symbols) for an "exotic" object that is apparently subluminous and a extremely low-mass object (see Section 4.3.1 and Section 4.3.2). We derive the masses and ages of the stars using the PMS evolutionary tracks from Baraffe et al. (2015) . For the stars above the youngest isochrone (∼0.5 Myr) from the evolutionary models, their masses are estimated using the 0.5 Myr isochrone since the low-mass stars are evolving vertically in H-R diagram during the first several Mys. In Table 6 , we list the stellar masses and ages of the stars. Seventeen objects in our sample have masses less than 0.075 M ⊙ , and are brown dwarfs. Among them, the source 414 has the minimum mass (∼0.018 M ⊙ ). In Fig. 10 , we show the mass and age distributions of our sample. The median mass and age of our sample is ∼0.15M ⊙ and ∼1.4 Myr, respectively. In Fig. 11 , we show the age distributions of the young stars with and without disks. Both populations show a similar age distribution with most of stars younger than 2.5 Myr. The median ages of the two populations are 1.3, and 1.6 Myr for diskless and disk populations, respectively.
We must stress that the stellar ages derived from the H-R diagram are dependent on the distance that we use. Here, we assume that the foreground population is associated with the Orion molecular cloud, and use the same distance (414 pc) as Orion, which is supported by the fact that the foreground population and the Orion molecular cloud show similar kinematics (see Sect 5.1).
Disk properties 4.3.1. A subluminous object
In the H-R diagram (see Fig. 9 ), one source (ID 16 in Table 6 ) appears to be subluminous compared with others with the similar spectral type. In its spectrum, we detect Li I λ6708Å absorption line, indicating that it is a PMS star. The isochrone age of this object is ∼23 Myr. However, its optical spectrum show numerous strong emission lines. Among them (see the left panel in Fig. 12 ), the Hα are the strongest one with the EW of −134Å. Such strong emission lines in the spectrum of Source 16 indicate that it should be much younger than its isochronal age (∼23 Myr). Its SED shows the strong infrared excess emission (see the right panel in Fig. 12 ), suggesting that it is surrounded by a disk. Similar young stars have been discovered in our previous spectroscopic surveys in Orion (Fang et al. 2009 (Fang et al. , 2013a , and also found in other regions, e.g., the Lupus 3 dark cloud, Taurus, and ǫ Cha (Comerón et al. 2003; White & Hillenbrand 2004; Fang et al. 2013b) . One promising hypothesis for these exotic objects is that they are harboring disks with high inclinations, and the light seen mainly comes from photons scattered off the disk surface, and is therefore much reduced. The optical emission lines may arise in outflows or disk winds with emitting areas much larger than the central star, which allows at least part of the line fluxes to reach us relatively unattenuated. We employ the radiative transfer code RADMC-3D (Dullemond 2012) to model the SED of Source 16. We set the stellar effective temperature to 3,664 K (M0.8) and stellar radius 1.3 R ⊙ , corresponding 14 to a PMS star with mass ∼0.4 M ⊙ and an age ∼2 Myr (Baraffe et al. 2015) . We set the outer disk radius (R out ) to 100 AU, and assume a pressure scale height (H P ) that varies as a power law with the radius (R),
the pressure scale height at R out ) from 0.1, 0.2, to 0.3, and disk inclinations from 60
• to 83
• . We find that the SED of Source 16 can be reproduced by a model with parameters
and R in =0.1-0.4 AU, and an inclination ∼79-82
• (see Fig. 12 for a representative model). A lower or higher disk inclination can lead to significantly over-predicted or underpredicted fluxes at short wavelengths, respectively (see Fig. 12 ).
The prominent emission lines in the spectrum of ID 16 include Balmer lines, He I lines at 5876Å and 6678Å, [O I] lines at 5577Å and 6300Å, Ca II infrared triplet (8498, 8542, 8662Å), as well as many other lines. Such a spectrum rich in emission lines is similar to the one of EX Lup, an M0-type young star and the prototype of EXor variable star (Sicilia-Aguilar et al. 2015a). A detailed identification of all the lines and a comparison of ID 16 to EX Lup would require spectra with high spectral resolution. If the underluminosity of ID 16 is due to the occultation and scattering of photospheric emission by a highly inclined disk, we would expect that the EWs of the accretion-related lines are simialr to the ones typical to T Tauri stars since they are formed in the magnetospheric infall flows, which are close to the stellar surface and should be similarly occulted. We notice that the source shows the normal He I λ6678Å line, but ∼4 times higher EWs of He I λ5876Å line, and ∼10 times higher EWs of Ca II infrared triplet, compared with other CTTSs in Orion(see e.g. Fang et al. 2009 ). Both He I emission lines and Ca II infrared triplet are related to accretion activities. The large EWs of these lines could be explained if ID 16 is actively accreting. The spectrum of ID 16 also shows [O I] lines at 5577Å and 6300Å with EW s which are also ∼10 times higher than the ones typical to T Tauri stars (Simon et al. 2016) . However, these [O I] lines could be contaminated by telluric [O I] emission lines since our spectral resolution is low. In the spectrum of ID 16 we did not clearly detect the the [S II] emission lines at 6716Å and 6731Å, but may see two peaks near them. The [S II] lines are thought to arise in jets emerging from accreting YSOs. New spectral data with high spectral resolution and signal-to-noise ratio is needed to identify them explicitly. Here, we must stress that the source ID 16 could be also a young star with a distance much larger than Orion. In this case, we do not need a highly inclined disk to reproduce its SED, and the distance of ID 16 could be ∼1 kpc, if its age is around 1 Myr.
A disk around an extremely low-mass object
In our sample, Source 414 has the latest spectral type. Its spectral type in this work is ∼M9±1, which is consistent with the one (M8) in Hillenbrand et al. (2013) given the uncertainties. In the H-R diagram, this object is above the youngest PMS isochrone (∼0.5 Myr) from Baraffe et al. (2015) . Assuming a 0.5 Myr isochrone, the mass of a source with a spectral type M8-M9 is around 0.018-0.030 M ⊙ . However, the mass of 0.018-0.030 M ⊙ should be considered as the upper limit for Source 414, since the effective temperatures of young extremely low-mass objects decrease during their evolution (Baraffe et al. 2015) . In Figure 13 we show the SED of this object. Its SED shows infrared excess emission in all four IRAC bands, suggesting that it possesses a disk. We employ the radiative transfer code RADMC-3D to model the SED of the source 414. We set the stellar effective temperature to 2,570 K (M9) and the stellar radius to 0.84 R ⊙ , and a disk mass to 1×10 −2 M ⋆ , and the inner edge to the dust sublimation radius, set R out to 50 AU, and assume
.25,to 0.3, and and disk inclinations from 0
• to 80
• . We find that a flaring disk model with
• can reproduce the SED of Source 414. In Fig. 13 , we compare the model SED with H out /R out =0.25 (a flaring disk model) with the one with H out /R out =0.1 (a flat disk model). Both flat and flared disks have been found around brown dwarfs (Apai et al. 2005; Pascucci et al. 2009 ).
Evolved disks
In our sample, 689 sources have infrared photometry in at least three IRAC or WISE bands and can be classified to be diskless or harboring disks. Among them, 72% (495/689) are diskless, and the rest are disk sources.
Among the disk population, we select transition disk (TD) candidates based on colors as shown in Fig (Fang et al. 2013a ), corresponding to their spectral types. A total of 49 sources are confirmed as TD objects which show very weak or no infrared excess at near-infrared wavelengths and shorter IRAC bands, but strong excess emission at mid-infrared and longer wavelength. Among them, twelve TDs have already been described in the literarure (Fang et al. 2013a; Kim et al. 2013 ). In Fig. 15 , we show the SEDs of the 37 new TDs in this work.
In our sample, we also found 8 sources which are detected in 24 µm, and show much weaker infrared excess emission than a typical TD. Their infrared spectral slopes and colors are smaller than other sources (see Fig. 8 and 14) . In Fig. 16 , we show the SEDs of those sources. Among these sources, one object (ID 666) shows the depleted infrared excess emission through the four IRAC band to 24 µm, and thus could be a globally depleted disk candidate, which can be produced when disks are deficient in small dust grains (Currie et al. 2009; Sicilia-Aguilar et al. 2011) . In contrast to Source 666, the SEDs of the objects 279, 570, and 685 start to show the infrared excess emission from 8 µm, while the others show infrared excess only at 24 µm. The weak infrared excess emission of the seven sources indicate that their inner disks have been more strongly dissipated than a Figure 17 .
Histograms showing the age distribution for the young stars with optically thick disks, evolved disks, and without disks, respectively. The dashed line in each panel show the median age of each population.
typical TD in the same region. Without the data at far infrared bands, it is unknown if these sources are TDs with a big inner hole, or young debris disks. Actually, we also found two similar sources in L1641 (Fang et al. 2009 (Fang et al. , 2013a ), one of which shows strong excess emission at 70 and 160 µm (Source 069001 in Stutz et al. 2013) , suggesting that this object is a TD with a big inner hole. Similar objects have been found in the Tr 37 cluster (Sicilia-Aguilar et al. 2013 , 2015b .
In Fig. 17 , we show the age distributions of the three populations. The median ages of the sources with optically thick disks(α 3.6−8 ≥ −1.8), evolved disks, and without disks are ∼1.4 Myr, 1.8 Myr, and 1.4 Myr, respectively. We note that the median age of the evolved disk systems is slightly larger than the other two populations. However, since each population shows a very broad distribution, the difference among their median ages is not significant.
Accretion in disks at different evolutionary stages
In Fig. 18(a) , we compare the Hα EW s for sources with TDs, optically thick disks(α 3.6−8 ≥ −1.8), or without disks. It can be noted that the YSOs with optically thick disks usually present strong Hα emission, while diskless YSOs show weak Hα emission. However, for TDs, about half of TDs show no accretion, while a small fraction of them show strong accretion. In Fig. 18(b) , we display the distribution of logarithmic ratio between the observed Hα EW and the EW threshold for the three populations shown in Fig. 18(a) . Here, EW threshold is the one used to classify the YSOs into CTTSs or WTTSs, and is the spectral type dependent (see Sect. 3.5). According to these EW thresholds, 73±9% of YSOs with optically thick disks are accreting, while only 46±7% of TDs are accretors. If we define "strong accretion" sources to have Hα EW s greater than twice the EW thresholds, 25 ± 7% of TDs belong to this group. For the YSOs with opti- cally thick disks, this fraction is 45±10%. The accretion properties among the different types of disks are consistent with our previous studies (Fang et al. 2009 (Fang et al. , 2013a Sicilia-Aguilar et al. 2010 . For the eight evolved disks shown in Fig. 16 , seven of them have estimates of Hα EW s. Six of them show no accretion, and one (499) shows Hα EW which is just above the threshold to be classified as a CTTS. Therefore, the fraction of accretors among these sources should be less than 14%, suggesting these objects are much more evolved than TDs. Alves & Bouy (2012) show that the velocity dispersion of young stars near NGC 1980 is much smaller than those in other parts of Orion, though their kinematics are consistent with the gas. Therefore, they concluded that NGC 1980 is a distinct population from others. In this work, we use a Figure 19 . Left: Position-velocity (PV) of both stellar radial velocities and 13 CO (J=1-0) emission (background color map) along the Orion A cloud. The filled circles are for the foreground population in Bouy et al. (2014) , and triangles for young stars in Orion. The 13 CO emission is from Bally et al. (1987) . The PV plot for the 13 CO emission is summed over the range of R.A. shown in Fig. 1 . The filled squares connected with the dashed line show the mean radial velocities for individual declination bins with the err-bars showing the standard deviations. Right: the ages of the young stars in this work vs. their Declination. The left pointing arrow indicates the up-limits of ages for the stars with ages above the youngest isochrone (∼0.5 Myr) in the PMS evolutionary models of Baraffe et al. (2015) . The filled squares connected with the dashed line show the median ages for individual declination bins, and the err-bars show age ranges including 50% of the sources near the median ages. The median ages of ONC and L1641 are also shown in the figure as a comparison.
better dataset to re-visit this issue. Our data are collected from the SDSS APOGEE INfrared Spectroscopy of Young Nebulous Clusters program (IN-SYNC) survey of the Orion A molecular cloud (see detailed description in Da Rio et al. 2016 ). In the region studied here, we find more than 2,200 sources, which have been observed with SDSS and have velocity uncertainties less than 0.5 km s −1 . The size of this sample is much larger than the one (287 sources) with the same accuracy from Tobin et al. (2009) . Among the APOGEE sample, more than 1,650 sources can be classified as young stars from the X-ray emission or infrared excess emission. In this dataset, we find 280 sources in the foreground population. In Fig. 19 (left), we show their radial velocity data as well as the ones of the other young stars in Orion A. As a comparison, we also show the PV diagrams for the gas emission in Orion A cloud. We do not find any significant difference between the kinematics of the foreground population, other young stars, and the gas material in Orion, which confirms the previous result in Tobin et al. (2009) . Futhermore, we derive the velocity dispersions of all the young stars in Fig. 19 (left) as did in Tobin et al. (2009) . However, we do not find significant difference between the the velocity dispersions of young stars at the different locations of Orion A. Therefore, our study suggests that the foreground population, as other young stars in this region, are associated with the Orion A cloud. Here, we must stress that the kinematic study is only based on the radial velocities of the stars, and can be improved in the future with their proper motions from Gaia 5.2. Is the foreground population older than other regions in Orion A? As shown in Fig. 10 (right) , the median age of the foreground population with spectroscopic data is around 1.4 Myr, which is younger than the age (4-5 Myr) proposed by Alves & Bouy (2012) for this population. In the previous work, the age is deduced based on two arguments: (1) the age of ι Ori, (2) the median SED of the disk population in NGC 1980. Gies & Bolton (1986) revealed that ι Ori is eccentric binary (O9 III+B1 III), and proposed that it could be formed as a result of binarybinary encounter that ejected the two runaways (AE Aur, µ Col), which is confirmed by Hoogerwerf et al. (2000) using the Hipparcos data supplemented with the available radial velocities. The trapezium cluster is the most likely parent for the three sources. Therefore it is still unclear if the ι Ori is related to the foreground population, and therefore uncertain to use the age of ι Ori as the one of the whole foreground population. When comparing the shapes of SEDs, Alves & Bouy (2012) normalized the SEDs of different regions to the J-band flux. We note there are systematic differences between the SEDs of these regions at wavelength shorter than J-band, which may suggest that the extinctions of different regions have not been corrected when they constructed the SEDs. We estimate how the extinction affects the spectral slopes. For A V = 5, the dereddened spectral slope between Jband and Spitzer 8 µm band can be 0.5 less than the observed spectral slopes. In Fig. 20 , we compare the median SED of class II sources in this work with those in Orion nebula cluster (ONC, 1 Myr), L1641 ( 1.5 Myr), and σ Ori (3 Myr), using the data from the literature (Hillenbrand 1997; Da Rio et al. 2010; Megeath et al. 2012; Fang et al. 2009 Fang et al. , 2013a Hernández et al. 2007a Hernández et al. , 2014 . These regions have been extensively surveyed with spectroscopy, which provides a reliable estimate of extinction for each source. In this work, most of sources are mid-M spectral types. Therefore, we only include the M-type stars for constructing the median SEDs. We divide the sources into two groups according to their spectral types: M2-M4 and M4-M6, since the luminosity of central stars can affect the infrared spectral slopes. For individual sources, their SEDs are first extinctioncorrected before combination. The extinction law is from Schlafly & Finkbeiner (2011) for the SDSS bands adopting a total to selective extinction value typical of interstellar medium dust (R V = 3.1), Rieke & Lebofsky (1985) for the 2MASS bands, and Flaherty et al. (2007) for the Spitzer bands. Figure 20 show the median SEDs of different clusters. After correcting the extinction, we do not see any significant difference between the foreground population and other regions in Orion, especially for the M4-M6 group. The low disk fraction (28%) of this population may indicate that this population may be older than its median isochronal age according to the relation between disk fractions and ages (Haisch et al. 2001; Sicilia-Aguilar et al. 2006; Hernández et al. 2007a; Fang et al. 2012 Fang et al. , 2013b .
However, this population is mostly likely biased against sources with hot inner disks, those showing K s -band excess emission, since their sample selection criteria select stars with i − K s or H − K s colors similar to the intrinsic photospheric colors (Alves & Bouy 2012; Bouy et al. 2014) . The typical fraction of sources with hot inner disks is ∼40%-50% for a young population with an age of 1-2 Myr (Hillenbrand 2005; Yasui et al. 2010) . The low disk fraction (28%) of our sample is most likely due to the exclusion of sources with hot inner disks.
In Fig. 19 (right) , we show the ages of sources in the foreground population vs. their declination. In different declinations, the ages of the stars all show large age spread with ages ranged from 0.5 Myr to ∼6 Myr. We divide the sources into different groups according to their declination, and derive the median ages. In the figure, we show these median ages as well as the bars which show the ranges including 50% of sources near the median ages. The median ages of the foreground population in the whole region are all around 1-2 Myr, and clearly younger than the age (4-5 Myr) proposed in Alves & Bouy (2012) . Along the declination, though it is not statistically significant, the median ages of different regions seem to show a slight gradient, and the median ages of the stars around NGC 1980 are slightly older (1.8 Myr) than other regions, which is consistent with the result in Da Rio et al. (2016) . As a comparison, we show the median ages of ONC (1.3 Myr) and L1641N (1.5 Myr). For both regions, we re-estimate their ages using the same PMS evolutionary tracks from Baraffe et al. (2015) as we did for the foreground population. The effective temperature and luminosity of each star in ONC is collected from Da Rio et al. (2010) , and those in L1641N are from Fang et al. (2013a) . In addition, we only include the sources with spectral types between K7-M6, which is range of spectral types for the foreground population in this work. As shown in Fig. 19 (right) , the median ages (1-2 Myr) of the foreground population are consistent with the ones of ONC and L1641N.
Is the foreground population from one cluster?
In Alves & Bouy (2012) and Bouy et al. (2014) , they proposed that the foreground population in Orion is from one cluster and centered on NGC 1980. However, as discussed in the above two sections, we can see that the kinematics of the foreground population are consistent with their local clouds and other young stars in the same regions. In Fig. 19 (left) , the gradient in the kinematics of Orion A cloud can be clearly shown in the kinematics of the foreground population, which is a strong evidence that the foreground population is associated with the local clouds instead of being one cluster. Furthermore, we may see an age gradient along the declination, and the median age of the sources near NGC 1980 is slightly higher than others. Such age gradient should not be seen if the foreground population are from the same cluster. Therefore, our results argue against the presence of an old, large foreground cluster in front of Orion A. We propose that the foreground population seen in Alves & Bouy (2012) and Bouy et al. (2014) is a combination of young stars with low or no extinction in NGC 1980 and other regions in Orion A.
6. SUMMARY We performed a spectroscopic survey of the foreground population in Orion A with MMT/Hectospec. We combine the Hectospec data with optical and infrared photometric data to estimate the stellar effective temperatures, luminosities, and extinction values of individual sources, and derive masses and ages of individual sources by their placement in the H-R diagram. The disk properties of individual sources are characterized using Spitzer and WISE data, and their accretion properties are characterized using the Hα line. We also use archival APOGEE radial velocity data to study the kinematics of the foreground population and other young stars in the Orion A cloud. The main results are summarized as follows.
1. We present a catalog of 691 young stars including their spectral types, line of sight extinction, stellar masses and ages, disk properties, and accretion properties.
2. We find one new subluminous object in our spectroscopic sample, and explain it as a star with a nearly edge-on disk.
3. We discovered an object with extremely low mass (<0.018-0.030 M ⊙ ). The SED modeling indicates this object possesses a flaring disk.
4. We identify 37 new transition disk objects, one globally depleted disk candidate, and 7 young debris disk candidates. We investigate the accretion properties of YSOs with disks in our sample based on Hα EW s. We find that the fraction of accretors among transition disks is much lower than among the YSOs with optically-thick disks (46±7% versus 73±9%, respectively), which confirm our previous results in L1641.
5. We confirm that the kinematics of the foreground population is consistent with their local clouds and other young stars in the same regions in Orion A. The median age of the foreground population is also similar to those of other young stars in Orion A. Therefore, our results suggest that the foreground population is associated with Orion A, and prove that it is not a distinct large and old (4-5 Myr) cluster in front of Orion A.
Many thanks to the anonymous referee for comments that help to improve this paper. This material is Table 4 , we list the young stars with X-Shooter spectra. These sources are mainly from the η Cha cluster, the TW Hydra Association, the Lupus star-forming region, the σ Ori cluster, and the Cha I star-forming region. We extract the spectra of these sources from the X-Shooter phase III data archive. In Fig 21, we show the example of spectra in our sample with spectral types from K2 to M9.5. In the figure, there is an obvious variation in the spectral type with the spectral type, which is mainly due to an change in the strength of molecular lines including the TiO, VO, and CaH bands. Thus these features can be used to do spectral classification.
We use the spectral features and define the indices of individual features in a similar way as do in the spectral classification code "SPTCLASS" (Hernández et al. 2004 ). The index of each spectral feature is calculated by defining the central wavelengths of the feature band (FB), blue continuum band (BCB), and red continuum band (RCB). The continuum flux (F FCB ) at the central wavelengths (λ FB ) of a FB is calculated as. Figure 21 . Examples of X-Shooter spectra which are used to refine our spectral classification scheme
Where λ BCB and λ RCB are the central wavelengths of BCB and RCB, respectively, and F BCB and F RCB are the flux of BCB and RCB, respectively. F BCB and F RCB are the average fluxes over the widths of BCB and RCB. The index of a FB is calculated as:
Where ∆λ FB is the width of the FB, F FB is the average flux over the width of the FB. We calculated the indices for 22 FBs. In Table 4 , we list these features including λ FB , ∆λ FB , λ BCB , λ RCB , and the widths of the BCBs and RCBs. In Fig. 22 and 23 , we show the relations between the indices of individual spectral features and the spectral types. We fit these relations using polynomial functions,
where Spt is spectral-type number, and the numbers 0-19 are corresponding to K0 to M9. The results are listed in Table 4 . To fully cover the range of spectral types, we have included some sources with low accretion rates. For these sources, their spectral features at wavelengths longer than 5500Å are used for the fitting, to avoid the possible accretion-related veiling in the blue part of the optical spectra. 
